Abstract. This paper presents a fuzzy optimization method based on the inclusion degrees of intuitionistic fuzzy sets to solve multi-criteria decision making problems under fuzzy environments. First, the inclusion degree of intuitionistic fuzzy sets is defined and a series of specific formulas of inclusion degree are presented by means of the normal implication operators. Some formulas of inclusion degree of intuitionistic fuzzy sets are generalized by defining the cardinal number of intuitionistic fuzzy sets. Then, we give multi-criteria fuzzy decision-making method based on inclusion degree of intuitionistic fuzzy sets. Finally, we illustrate the effectiveness of the method proposed in this paper by an example.
Introduction
Fuzzy sets were introduced by Zadeh in 1965 [1] . In the following several decades, fuzzy set theory has been used for handling fuzzy multi-criteria decision-making problems [3, 4] . The main characteristic of fuzzy sets is that: the membership function assigns to each element u in a universe of discourse a membership degree ranging between 0 and 1 and the non-membership degree equals one minus the membership degree, i.e., this membership degree combines the evidence for u and the evidence against u. The single number tells us nothing about the lack of knowledge. In real applications, however, the information of an object corresponding to a fuzzy concept may be incomplete, i.e., the sum of the membership degree and the non-membership degree of an element in a universe corresponding to a fuzzy concept may be less than one. In fuzzy set theory, there is no means to incorporate the lack of knowledge with the membership degrees. A possible solution is to use intuitionistic fuzzy sets (IFSs for short), introduced by Atanassov in [5] . IFS as an extension of Zadeh fuzzy set was also applied to the decision-making problems [6] [7] [8] .
In the present paper, the inclusion degree of intuitionistic fuzzy sets is applied to multi-criteria decision making in fuzzy environment. In Section 2 we define the inclusion degree of intuitionistic fuzzy sets and present a series of specific formulas of * This research work is supported by the Natural Science Fund of China (# 70501022).
inclusion degree by means of the normal implication operators. Then Some formulas of inclusion degree of fuzzy sets are generalized to intuitionistic fuzzy sets by defining the cardinal number of intuitionistic fuzzy sets. In Section 3 we give a fuzzy method for multi-criteria decision-making method based on inclusion degree of intuitionistic fuzzy sets． Finally， we illustrate the effectiveness of the method proposed in this paper by an example.
Inclusion Degrees of IFSs
The concept of IFSs is an extension of Zadeh's fuzzy sets. It give us the possibility to model unknown information by using an additional degree. In [6] [14], IFSs are defined as follows: Definition 1. An intuitionistic fuzzy set A on a universe U is defined as an object of the following form:
define the degree of membership and the degree of nonmembership of the element U u ∈ in A, respectively, and for every U u ∈ :
Obviously, each ordinary fuzzy set may be written as
For simplicity, the class of intuitionistic fuzzy sets on a universe U will be denoted by IFS(U).
Inclusion Degrees Based on Implicational Operators
Definition 2. If the mapping 
